The selection of an activity test to screen plants for antimicrobial agents is in itself a problem. However, the preparation of those extracts is a very important step and full attention has not yet been given to this issue. This study was performed in two parts. In the first, different solvents were tested to select the best extractant for three plants used in Mexico to treat infections: Leucophyllum frutescens, Cordia boissieri, and Cyperus alternifolius. In the second part, an experimental design was developed for the most active extract assayed in the first part of the study, using factorial analysis at two levels. The variable under evaluation was the minimum inhibitory concentration (MIC) of the extract active against a resistant strain of Staphylococcus aureus, and the number of active spots identified in a bioautographic assay. The solvents used for the first phase of the study were selected from those most often cited in articles on antimicrobial screening. The best recoveries and lowest MICs were obtained with hydroalcoholic extracts. Shorter extraction times and storage times gave lower MICs; however, the volume of solvent and speed of agitation had no significant effect on MIC.
Although great achievements have been made in the control of the principal infectious diseases, 43% of total deaths in developing countries still result from infectious diseases [1] , especially pneumonia. An increase in the incidence of new and reemerging infectious diseases has entailed the need for new antimicrobial compounds with diverse chemical structures and novel mechanisms of action [2] . The use of plants to heal infections is very well documented. In the past two decades, the search for new anti-infection agents has occupied many research groups in the field of ethnopharmacology [3] . In Mexico, like other developing countries, traditional medicine is an important source of products for the treatment of common infections [4] . The study of medicinal plants as antimicrobial agents is essential to gain insight into their real value, but the use of standardized conditions is essential for reproducibility. As pointed out by Rios [3] , one of the major problems is the lack of appropriate criteria with which to assess the activity of medicinal plants. Although the selection of the activity test is in itself a problem, the preparation of the extract is also a very important step and full attention has yet to be given to this issue. The solvent and extraction system can modify the final results. Some researchers believe that the best method of obtaining an extract is that used in folk medicine. However, in the laboratory, a great variety of solvents are used to obtain extracts. In 1998, Eloff conducted a study to compare a number of different extractants useful in both the screening and isolation of antimicrobial components from plants. In that study, acetone was the best solvent [5] . However, there are few reports of microbiological assays using acetone extracts in the literature. Perhaps the principal reason is the wellknown tendency of acetone to catalyze degradation reactions. Moreover, the conditions under which the extracts were obtained were not well documented, including the quantity of the sample, the volume of solvent used, the time and speed of agitation, and the period of storage between the collection of the extract and biological screening. Therefore, we decided to test the effects of the solvent and extraction conditions on the antimicrobial activity of three plants growing in Mexico. The microorganism evaluated was a drug-resistant strain of Staphylococcus aureus and the plants selected were Leucophyllum frutescens, Cordia boissieri, and Cyperus alternifolius.
This study was performed in two parts. In the first part, different solvents were tested to select the best extractant. In the second part, the experimental design was evaluated using a factorial analysis at two levels and the most active extract obtained in the first part. In all cases, the variable under evaluation was measured in terms of its MIC against a resistant strain of S. aureus.
Selection of plant material:
The three plants selected are widely distributed in northern Mexico and are traditionally used to treat respiratory diseases. It has been reported previously that the leaves of C. boissieri are active against the microorganism used in this study, whereas the roots of L. frutescens are not [6] . Moreover, unpublished results from our laboratory have indicated that the roots of C. alternifolius are active against this S. aureus strain. Therefore, we tested the two plants active against S. aureus and used the extracts from L. frutescens as a negative control.
Selection of the best extractant:
The solvents used in the first phase of the experiments were selected from those most often cited in articles on antimicrobial screening. Acetone was included because of the results reported by Eloff [5] . Hot water was also tested because it is the solvent most often used in traditional preparations as infusions. In this step, all the conditions were identical except for the solvent used. For the aqueous extracts, lyophilization was used instead of rotary evaporation. The antibacterial activities of all the extracts obtained are shown in Table 1 . None of the solvents used for extraction had antibacterial activity. As shown in Table 1 , the best recoveries and lowest MICs were obtained with the hydroalcoholic extracts of the active plants evaluated (L. frutescens is inactive against S. aureus, as previously mentioned), and the worst results were obtained with acetone. The recoveries obtained with the different solvents varied for the same plant from 0.5% to 19.8%. The extracts obtained from the leaves of C. boissieri were the most active, as previously reported. The extracts obtained with methanol, ethanol, and ethanol:water (90:10) had MICs of 31.2 μg/mL. The best recovery was achieved with hydroethanolic extracts.
Bioautographic analysis:
The bioautographic assay was only conducted for extracts obtained from the leaves of C. boissieri. With the exception of the aqueous extracts, all extracts caused inhibition in the bioautographic assay. The numbers of active spots were highest in the alcoholic and hydroalcoholic extracts. When the MICs were obtained, the recoveries and the numbers of active spots on TLC were considered (Tables 1 and 2) and it was decided that the hydroalcoholic extract of C. bosissieri was the most suitable for the second phase of our study.
Experimental design:
The development of an experimental design consists of four phases: (a) the design, and in this case a two-level design was selected for each of the factors evaluated; (b) the experimental work, in this case the preparation of the extracts and the bioassays; (c) the analysis, in which the factors affecting the parameter are identified; and (d) optimization, once the factors that affect the parameter under evaluation are identified, the conditions that achieve the best result are calculated.
Because we tested four variables, the 2 4 factorial analyses required 16 experiments, which combined the factors at different levels. An experimental combination was also included with medium values for all the factors, which corresponded to the original set of conditions. This is known as the 'central point' and is of great value because it represents the starting point of the experiment.
The levels for each variable were chosen so that both the high and low levels for each could be attained under laboratory conditions and so that the differences between the high and medium levels were the same as the differences between the low and medium levels, for each factor evaluated ( Table 3) .
Although an experimental design need not be evaluated in duplicate, we performed all the experiments in duplicate to accommodate any biological variations. Thus, 18 experiments were performed ( Table 3 ).
The best recoveries were achieved with high volumes of solvent, long extraction times, and low extraction speeds. The results obtained (Table 3) indicate great variability in the MICs obtained for the same plant, ranging from 7.8 μg/mL to 62.5 μg/mL. The lowest MICs were obtained in those experiments with the shortest storage times (10 days). In general, the highest MICs were obtained in experiments with the longest storage times.
To identify the factors and interactions that primarily affected the MICs, a Pareto graphic was constructed, as shown in Figure 1 . The horizontal bars represent each factor under evaluation and their combinations. Solvent volume is A, extraction speed is B, extraction time is C, and storage time is D. Their interactions are represented as AB, AC, AD, BC, BD, and CD. The size of each bar represents the magnitude of the effect; the longer the bar, the greater the effect of the factor on the outcome (in this case, the MIC). The vertical line is the threshold indicating whether the effect is statistically significant at the 95% confidence level. The bars that extend further from the horizontal line represent factors that significantly affect the outcome under evaluation. Therefore, the times of extraction and storage are factors that significantly affect the MICs obtained. In the graphic, the different colors indicate whether the factor negatively or positively affects the outcome. In our study, both factors positively affected the outcome evaluated, meaning that the longer the period of extraction and the longer the storage period, the higher the MIC.
The effects of storage time can explain the different values obtained in this work and in the study previously reported by us. The extracts of C. boissieri reported previously [8] were tested one year after the extracts were collected. Although both storage time and extraction time influence the MIC, as shown in Figure 1 , there is also an interaction between these two factors, as shown in Figure 2 , in which only the two factors that significantly affect the MIC and their interactions are plotted. According to our results, storage time is the factor that exerts the strongest effect. In practice, it is not possible to reduce the extraction time to very low levels. However, it is possible to optimize these values, using a graphic like the one shown in Figure  3 , in which the effects of both factors on the MIC can be observed when they act simultaneously. In this graphic, the tendency is clearly towards a reduction in MIC; there is a trend to MIC = 0. Therefore, theoretically, an optimal MIC value of 3.9 μg/mL should be obtainable with an extraction time of 21 min and a storage time of one day. When an experiment was conducted with these values, an MIC of 7.8 μg/mL was obtained.
From these results, we conclude that the extraction solvent greatly influences the biological activity of the extract. In our experiments, the best results were obtained with hydroalcoholic solutions. Both the extraction time and storage time strongly affected the MIC, whereas the volume of solvent and the speed of agitation had no significant effect on the MIC. This is an important consideration, because extracts are sometimes tested long after their preparation, in some cases after months or years. The results of this study demonstrate the importance of testing recently obtained extracts. Otherwise, active extracts could be discarded on the basis of MICs obtained from extracts that had been stored for excessively long periods. 
Experimental

Reagents and antibiotics:
The antibiotic vancomycin (Sigma-Aldrich Chemical Co., St Louis, MO, USA) was used as the positive control and cephalotin (Ely Lilly, Mexico City, Mexico) was used as the negative control. The antibiotics were dissolved in water at a concentration of 2.56 μg/mL, and stored as 0.5 mL aliquots at -70°C until use. Extraction procedure: Air-dried ground materials (leaves from L. frutescens and C. boissieri and roots from C. alternifolius) were extracted with acetone, methanol, ethanol, methanol: water (80:20), ethanol: water (90:10), or boiling water in separate glass vials. Except for the extraction with boiling water, all procedures were performed at room temperature as follows: 10 mL of the solvent was added to 1 g of plant material and vortexed for 5 min at level 8 in a vortex (Mini Vortexer Scientific Products®., Thorofare, NJ, USA). The procedure was repeated twice with 5 mL of solvent. The solutions from the three extractions were pooled filtered, and evaporated to dryness under low pressure at 38°C. The percentage recovery was calculated. Finally, the extracts were refrigerated at 4°C until tested.
Antimicrobial activity:
The Staphylococcus strain was tested using a microdilution assay, according to the protocol of the National Committee for Clinical Laboratory Standards [6] [7] [8] . The bacterial inoculum was prepared on Mueller Hinton agar (MHA) plates (Becton Dickinson and Co., Sparks, MD, USA) and incubated for 18-24 h at 37°C. Four or five colonies were transferred to 3 mL of Mueller Hinton broth (MHB; Becton Dickinson) and incubated at 37°C for 3-4 h, until the suspension had achieved a McFarland standard turbidity of 0.5. The bacterial working suspension was a 1:50 dilution of this culture in fresh broth. All extracts were prepared at a concentration of 2 mg/mL. The extracts from L. frutescens and C. alternifolius were dissolved in 20% dimethyl sulfoxide (DMSO) in MHB. All the extracts were sterilized by filtration with 13 mm diameter PTFE acrodiscs (0.22 μm pore size; Millipore Co., Bedford, MA, USA). The extracts from C. boissieri were dissolved directly in MHB and sterilized by filtration with 13 mm diameter nylon acrodiscs (0.22 μm pore size; Pall-Gelman Laboratory, Ann Arbor, MI, USA). A microdilution test was performed in sterile flatbottomed 96-well polystyrene microplates covered with a low-evaporation lid. The outer-perimeter wells were filled with 200 μL of sterile water, and 100 μL of MHB was added to each remaining well. A 100 μL volume of the extract sample was transferred to the first well of each row, a serial twofold dilution was performed, and the remaining 100 μL was discarded. The final concentrations of the extracts were in the range 31.5-500 μg/mL. Cephalotin and vancomycin (0.4-64 μg/mL) were included as the antimicrobial drug controls. Growth controls (microorganisms without extract), no-contamination controls (only culture medium without microorganisms or extract), solvent controls (microorganisms with MHB and DMSO or ethanol), and extract controls (MHB and extract without microorganisms) were included. The plates were placed in plastic bags and incubated at 37°C for 18-24 h, and the bacterial growth was examined visually. Then, 32 μL of a 1.6:1 Alamar Blue solution (Trek Diagnostic Systems, Inc., Westlake, OH, USA) in 0.85% NaCl was added to each well. The plates were allowed to stand at 37°C for 1 h. Color changes in the Alamar Blue solution from blue to pink confirmed bacterial growth. The minimum inhibitory concentration (MIC) was defined as the lowest concentration of the extract that prevented bacterial growth. All biological assays were developed in duplicate.
Bioautographic assay:
The bioautographic assay was performed on precoated thin-layer chromatography (TLC) plates (silica gel 60 F 254 ; Merck, Suwanee, GA, USA). The extracts obtained from the leaves of C. boissieri were dissolved in ethanol. Petroleum oil, petroleum oil: ethanol (10:1), petroleum oil: ethanol (3:1), and ethanol were used as eluents. Each chromatographic run was performed in duplicate. One of the plates was visualized with ultraviolet light at 365 nm and 254 nm and iodine vapor [9] . The other plate was used for the bioautographic assay [10] [11] [12] . A layer of Mueller Hinton agar was placed onto the TLC plates, and 100 μL of a suspension of S. aureus in Mueller Hinton broth, adjusted to McFarland 0.5 turbidity standard, was dispensed onto the agar and distributed uniformly. The TLC plates were incubated for 18-24 h at 37°C under humid conditions. The plates were sprayed with an MTT solution (2.5 mg/mL). Clear zones against a purple background indicated growth inhibition.
Experimental design:
The extraction solvent used in the experimental design was chosen on the basis of the lowest MIC, the highest recovery, and high numbers of active spots in TLC. The hydroalcoholic extract (ethanol: H 2 O, 90:10) of C. boissieri leaves was selected to develop the experimental design. A Plackett and Burman fractional factorial analysis at two levels for four variables (2 4 ) was used [13] . The following variables were considered: the volume of solvent, the extraction rate, the extraction time, and the storage time. Eight combinations were evaluated in a fractional factorial analysis at two levels (high and low), and a further combination was included in which the original conditions were used (medium level). Therefore, nine experiments were performed in duplicate. Antimicrobial activity was evaluated as previously described. The extract concentrations were in the range 1.95-500 μg/mL. Statgraphics version 5.0 statistical software was used to analyze the results.
